Forward and spot exchange rates are modelled as an unrestricted bivariate autoregression from weekly data on the New York foreign exchange market for June, 1973 to April, 1980. The null hypothesis that the forward exchange rate is an unbiased estimate of the corresponding future spot exchange rate is tested by means of a nonlinear Wald test and is rejected for all six currencies considered. The results cast doubt on a central assumption in many current models of exchange rate behavior.
INTRODUCTION
THE ADVENT OF FLEXIBLE EXCHANGE RATES in 1973 has led to a great amount of empirical research concerning the relationship between forward and spot exchange rates. Considerable attention has been focussed on the efficient markets hypothesis for foreign exchange over a wide variety of different currencies. If the foreign exchange market is efficient, in the sense that all available information is used rationally by risk-neutral agents in determining the spot and forward exchange rates, then the expected rate of return to speculation will be zero. Thus, under the assumption of rational expectations and risk neutrality, an hypothesis can be derived, in which the forward rate is an unbiased predictor of the future spot rate. This is clearly a joint hypothesis since it includes the assumption of rational expectations and the assumption that the risk premium for the forward rate is zero. An empirical test which rejects this joint hypothesis can be interpreted either as rejecting rational expectations, or as indicating that the risk premium is nonzero and time varying, or that both assumptions are inappropriate. Moreover, the issue of market bias has attracted attention since Keynes [12] developed a normal backwardation theory which implies that speculators require a premium for undertaking risk.
Much econometric work has considered the implementation and testing of the rational expectations hypothesis; see Wallis [18] and Hoffman and Schmidt [10] . Specifically, in regard to the foreign exchange market, use of the forward rate as a measure for exchange rate expectations is appealing since, as noted by Frenkel [3, 5] among others, it can be regarded as an observable expectations series of agents in the market, thus circumventing the problem of how best to generate an "expectations" series. Indeed, this assumption is a central building block in the monetary approach to the exchange rate. The seminal paper by Dornbusch [2] implicitly assumes that the forward rate is an unbiased predictor of the future spot rate. However, this is an empirical question and much of the previous evidence has been inconclusive and has not paid sufficient attention to the joint ' We are very grateful to Ralph Bailey for writing appropriate computer programs, and to two anonymous referees for their very helpful comments.
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nature of the hypothesis. Many authors have been primarily concerned with the rational expectations aspect of the hypothesis. For example, on one of the few occasions when Frenkel [4] did reject the null hypothesis he concluded that it was not inconsistent with the rational expectations hypothesis and attributed the rejection to individuals' lack of experience with hyperinflation rather than the existence of risk aversion.
In this paper our objective is to subject the proposition of unbiasedness to detailed and rigorous empirical testing. We model the 30 day forward rate and the spot rate as a jointly dependent bivariate autoregressive process. Weekly data are used for both variables and the efficient market hypothesis is seen to imply certain nonlinear restriction,s on the coefficients of the bivariate autoregressive process. The hypothesis is then tested by means of a Wald test which is asymptotically equivalent to the likelihood ratio test.
METHODOLOGY
Assuming the logarithm of the spot rate s, and the logarithm of the forward rate f, to be a linear nondeterministic jointly covariance-stationary process, it follows from the multivariate form of Wold's decomposition (see Hannan [8] ) that the process can be represented by a unique infinite order bivariate moving average process. For a suitably chosen value of p, this can be approximated by the bivariate autoregression We can now turn to the relationship between the spot rate and the forward rate. With weekly data the 30 day forward rate is approximately a 4 period forecast of spot rates, and under the assumption of rational expectations and market efficiency it follows that (4) St4=Jta,  where the disturbance at is such that EQ?tat) = 0. One of the key properties of the theory is that the forward rate contains all relevant and necessary information required to predict future spot rates. In order to obtain testable restrictions in terms of the parameters of model (1), it is convenient to express (4) in terms of information known at time t -1.
From equation ( [13] has shown that the AIC is in general biased toward accepting the larger model it was discovered that the minimum AIC choice of p was generally supported by the other test statistics for the six bivariate processes considered in this study. The general criteria used was to choose the smallest value for p which gave satisfactory diagnostic portmanteau statistics and for which the likelihood ratio tests did not indicate the need for further increasing p.
The results presented in Table I give the details for the most appropriate model for each currency. For some currencies the choice of the optimum value for p was not clear cut, but the Wald statistic (12) appeared robust for overfitted models which used a higher than necessary value of p.
It can be seen from the final column of Table I that the Wald test statistic was significant at the 1 per cent level for all six currencies. It should be noted that first differences were taken of all the series. From a time series perspective this transformation was necessary in order to invoke covariance stationary series. The models were also estimated in levels with data that were consequently highly nonstationary. It could be argued that the vector autoregressive model, in this situation is merely an assumption and all results are conditional on its appropriateness, although Fuller [6] and Sims [16] have shown some asymptotic tests to be robust to the inclusion of certain types of unstable roots in scalar autoregressions. Analysis of the model in levels, with and without trend terms, generally still gave rise to rejection of the null hypothesis, but the Wald test statistics appeared to be affected by the nonstationarity and do not appear to merit reporting. One possibility is that Iran-type crises might give rise to deterministic influences which invalidate the vector autoregressive assumption. Accordingly the models were re-estimated in an attempt to avoid turbulent periods. In particular the models for the U.K., West Germany, Italy, and France were re-estimated in levels for the period February, 1975 to April, 1980 which avoided the time of the Arab-Israeli war and the period when West Germany had capital controls. The results are given in Table II respectively. For the U.K. the F statistic is not significant while there is substantial residual autocorrelation, implying rejection of the unbiasedness hypothesis.
CONCLUSION
In this paper the hypothesis that the forward exchange rate is an unbiased predictor of the corresponding future spot rate has been tested using weekly observations on several currencies.
For all the currencies considered the null hypothesis of zero bias is rejected.3 Due to our testing a joint hypothesis it is possible that the assumption of rational expectations is inappropriate or that the assumption of risk neutrality is invalid. The results are important as the relationship between the forward rate and the expected spot rate is essential to the domestic interest rate, the price level, and the current spot rate. If the forward rate is indeed a biased predictor of the spot rate, this casts doubt on the assumptions made in many macroeconomic models. Our results show that the simple, widespread view that the forward rates contain all relevant information necessary to forecast future spot rates is inappropriate.
Our results using data reindexed to a four weekly basis do not give rise to as many rejections of the null hypothesis.4 However such an arbitrary procedure for statistical convenience involves a considerable loss of information and appears inappropriate since market participants have the opportunity to overlap their positions in the market.
Our results based on weekly data are not incompatible with portfolio models which suggest that uncertainty about the future will induce risk premium in equilibrium, implying that the forward rate is a biased predictor of the expected spot rate. More work on the sources of uncertainty and the assimilation of new information in foreign exchanges is required. [7] also generally rejects the null hypothesis of zero bias, but instead of equating this with a biased forward rate he seeks to attribute his results to an inadequate alternative model specification. In our view we cannot accept this interpretation and feel that the only interpretation of our results is to reject the unbiasedness hypothesis.
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4Reindexing on the basis of the other three weeks produced three further replications of equation (14) and the overall results were extremely similar.
